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i Introduction 


Two test methods for measuring the resistance of insulation materi- 
als to corona are described in this report, It is not our intention to 
imply that these methods are the best that can be devised. They do, how- 
ever, represent ways to study interactions between corona and insulation 
materials. It is more proper at the present time to consider a test meth-— 
od as a means for obtaining basic information than to consider it as a 
crystallized means for studying corona resistance. It is essential that 
each test method be judged on the consistence of its results with those 
obtained in engineering application. It is entirely possible that one 
type test will measure and weigh materials in one class of engineering ap— 
plication, while another will do this for another engineering application, 
For instance, one test may prove very useful in the evaluation of materials 
for motor insulation while another is more useful in studying insulation 
for dry type transformers. 


It is convenient for the purposes of test to divide the test materi- 
als into two classes. One class is thin films and includes the first 
five in the list on page three of the first interim report. The other 
class includes ceramics, rubbers, cast resins, laminates, molded materials 
and glass mat composites. In general these materials are difficult to ob- 
Gain in thin film form. ; | 


II. Gorona Resistance Test Method for Laminates, Molded and Cast Materials 


(Presented by the author at the ASTM Symposium on Corona Resistance, 
November 17, 1955) . 


This paper presents a test method which is yielding significant data 
on the corona resistance of material samples which cannot be tested in the 
"French Cell", Data on several materials are presented. | 


Corona resistance tests supplement dielectric strength testing as a 
means for material selection. As a matter of fact the ratio between the 
dielectric strength of a material as tested by fast rate of rise and by 
Slow rate of rise, ASTM (D149.44) is now considered a measure of corona 
resistance. This measure, however, is recognized as very crude. A test 
is needed which is more meaningful. Corona resistance tests involving 
direct application of electrodes to the insuktion material's surface have 
been used by others (Reference 1) as well as by ourselves and have in 
general given results which correlate well with service experience. These 
corona resistance tests involve the application of an alternating voltage 
Stress level equal to about five times the corona starting voltage. With 
materials with any sort of integrity in relation to freedom from holes, 
the times to failure during this type of test run in the range of tens to 
hundreds of hours. 


If a corona resistance test is to serve properly, it must define the 


ability of the insulation to withstand high potential and surge conditions 
and also must measure the ability of the insulation to operate for long 


aie 
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periods of time in the presence of corona, The test to be described was 
designed to measure these properties. In this test, an insulation slab, 
0.062 + 0.005" thick and 3 inches square is placed between two stainless 
steel electrodes at 15 kilovolts, rms 60 cps. This is equivalent to 242 
+ 20 volts per mil. | 


CE 


A thickness of 1/16" was chosen for several reasons: 


1. Several materials are not available in less thickness. During 
the procurement of materials for this contract an attempt was 
made to obtain materials in minimum available thickness, The 
1/16" thickness was a very common minimum. 


AF EF TIF SIS TP EET IE 


2. Laminates of 1/16" thickness are made up of several layers so 
that the thickness of one layer is a small percentage of the 
total thickness. Voids are not likely to be larger or deeper 
than the thickness of one lamination, unless the structure is 
poorly impregnated. In this case the percentage and distribu— 
tion of voids determine the corona resistance of material struc-— 
tures. The insulation, however, should be examined carefully 
to determine whether it is representative. 


3o Ihe development of surface conductivity during corona aging 
leads to a flashover tendency which is very sensitive to vol- 
tage and ambient humidity. Larger area samples are required 
if voltage stress is to be kept high. If the voltage stress 
is lowered the time to failure becomes very long for samples 
much thicker than 1/16 inch. 


The 15 kv chosen is well above the highest known apparatus high po- 
tential test voltage for the 1/16 inch thickness. Some materials last 
_ several hundred hours before failure at this voltage. Other materials 
fail immediately due to holes, inclusions and porosity. Some of these 
materials have desireable properties such as high temperature resistance. 
A separate test at 7 kilovolts is proposed for these materials. This is 
above the high potential test voltage based on the twice operating plus 
1000 rule for an insulation 1/16 inch thick. 


There are several mechanisms by which corona can cause insulation 
failure to occur. The most important are: 


l. Corona creepage. Surface corona can cause the insulation sur- 
face to become conducting. The effective diameters of the 
electrodes increase until flashover occurs. 


2 Corona erosion. Corona can furrow the insulation under the 
electrode edge until the insulation remaining becomes too thin 
to support the voltage. | 


30 Void corona, Corona within a void in the insulation can cause 
internal tracking with resultant rapid failure. 
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The amount of corona energy dissipated on the insulation surface 
during this type of test will be a function of the dielectric constant 
of the insulation material, which is also true in service. 


Botaile of the teat method are as follows: 


l. Materials samples 


Four samples of each material are used. Dimensions of these sam- 
ples are approximately 3 by 3 by 0.062 in. ‘Two are used as is. Into 
the center of each of the remaining two samples is milled a depression 
3/8 in. in diameter and approximately 0.030 in. deep. The speed of the 
milling machine and feeding speed were coordinated to produce a smooth, 
flat bottomed void. | 


Two milling techniques were used. In one, a standard two lip end 
mill was used at 600 rpm. In the other, a Tungsten carbide end mill in 
a Precise Super 40 tool at 45,000 rpm was used. 


Ao Llectrodes 


A dise electrode 1/2 in. high by 1 in. diameter with 1/8 in. radiused 
edges is the high potential electrode while the ground electrode is l/2 in. 
high by £ in. diameter also with 1/8 in. radiused edges. The electrode ma— 
terial is stainless steel. Several electrode systems were rejected before 
this selection was made. Copper electrodes caused too much copper salt 
contamination. Nickel plated copper eroded and chemical action at the cop- 
per-nickel interface loosened the plate, A 3 in, square ground electrode 
of stainless steel plate was tried and rejected because of poor contact 
with the sample. , | 


A picture of the sample-electrode arrangement is shown in Figure l. 


30 Fusing 


A variation of the Brodhun and Perkins (1) method, described in 
their paper entitled "General Description and Properties of Teflon", was 
used. Figure 2 shows this schematically. As the sample breaks down, 
current flows through the dropping resistor, developing a voltage across 
the resistor, When this voltage becomes high enough, an are occurs in 
the arc gap between the fuse wire and the point. The fuse wire breaks 
allowing the resistor to fall and open the circuit to the sample. The 
are gap distance is critical and must be small enough to allow arcing to 
Occur before the main circuit breakers open. A 50,000 ohm resistor and 
& 1 mil Advance fuse wire are found suitable. A photograph of a represen— 
tative sample fusing arrangement is shown in Figure 3, 


Failure time is indicated by a strip chart recording of secondary 
current, 
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Ae Applied Voltage 


& To prevent surges, the 60 cycle voltage must be increased slowly un- 
til it reaches the test value. 


5. lest results 
The test results on several materials are given in Table I. 


Glass cloth base laminates are consistently poor, the glass mat base 
materials are slightly better, and the single phase materials are the best 
of the lot. We are beginning to test other materials in each class which 
will be much better. The tests on silicone rubber are not yet complete, 
but are expected to be around 1000 hours to failure. 


The failure of the paper base phenolic laminate at the edge, in spite 
of the presence of a surface void, indicates the sensitivity of this ma- 
terial to erosive corona attack. 


The failure of ae high impact polystyrene by flashover shows that 
this material develops a very conducting surface quickly. 


Closer adherence 6 a specified void depth and sample thickness is 
desireable, aes there is no evidence that it is highly critical. 


= Other work is being done to determine the effect of the dielectric 

constants and power factor upon the corona intensity and energy. This 
work will define the correlation of results of this test with those of 
a test method such as that involving the use of the "French Cell" better 
than is now possible. 


Material 


Unplasticized 

Polyvinyl Chloride 

gBpoxide - Glass mat + 30% 
Aluminum Silicate (ASP 400) 
(Amine cured See 


i 


Evoxide — Glass mat 
Am Line Cured 


Melamine . Glass 
Laminate 


Silicone Resin Glass 
Laminate - coarse weave 


Silicone Resin Glass 
Laminate — five weave * 


Paper base phenolic 
Laminate 


High Impact Polystyrene 
olyethylene 


irrathene 


tailed at electrode edge 
Tailed by flashover 


TABLE I 
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No Void. | Void 
Sample Failure Sample ~ Void Failure 
Thickness Time Thickness Depth Time 
mils - hours mils . mils hours 
63 Se He 63 32 120 
78 oS 7h 28 0.2 
S1 il 76 Pail Oe 
Th | 13 Te 26 Red: 
76 df Tel: 28 ne) 
61 ee 59 12 0 
“59 | 04 58 ive 0 
pin 0 63 23 0 
63 0 63 ae 6 
65s Pyle © Var aL 0 
65 70 63 21, 0 
67 : 146 67 25 138* 
68 1225 67 28 150 
60 eNom 64 a9 ALLR* 
ncaa — 70 35 203 
pele ays 70 See 330 
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35 310 


FIG, 1 SAMPLE-ELECTRODE ARRANGEMENT 


15000 Volts 


10,000 ohms 


10, 000 ohms 


10,000 ohms Oe ohn 


| 10,000 ohms 
10,000 Ohms 


5 to 10 mil : Sample 
Air gap . 


1 mil fuse wire 


FUSING CIRCUIT 
FIG. 3 CLOSE UP OF FUSING METHOD 


FIG. 2 FUSING SCHEMATIC 
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Thick Insulations 


The corona resistance test method based on the French proposal 
to the Technical Committee 15 of the International Electrotechnical 
Gommission applies equal corona energies to the material and measures | 
the chemical, physical and electrical changes in the material. It is | 
being studied by ASTM round robin and typical results of several ma- | 
terials are included in this report. The method is ideal for measur- | 
ing interaction between corona and materials. In this method an in- | 
gulation sheet is placed in an air gap 80 mils wide between two glass | 
plates each 1/16" thick. A voltage is applied across the glass plates, | 
air-gap, and insulation sheet in series. Corona occuring in the air- 
gap attacks the surface of the insulation material and causes it to | 
change in chemical, physical or electrical properties. These proper- 
ties are measured. | | 


| 

i 

III. Observations during the use of the "French" Cell for 1/16" | 
| 
| 


With insulations thinner than 16 mils, the insertion of the insu- 
lation sheet in corona gap of the "French" cell causes only about five I 
percent change in the voltage across the gap. Insulations up to 16 <i 
mils in thickness can, therefore, be tested without changing the cell | 
voltage. With insulations 1/16" thick, the insertion effect is much 
greater and the voltage must be adjusted to different materials. The 
air-gap should be maintained constant. | | 


Studies have been made with an 1/8" air-gap. The data obtained 
thus far indicaté. that when 1/16" thick insulations are inserted in 
the air-gap at a voltage slightly above the corona starting voltage, 
a temperature rise occurs which is very dependent upon cell voltage. 
For this reason it is very difficult to control the conditions in the 
modified "French" cell. 


The effect of dielectric constant (€') on temperature rise has 
been measured, The data for polyethylene (€! = 2.3) and melamine glass 
laminate (€' = 12 and increases with increasing temperature} are plot- 
_ ted in Figure 4. The voltages applied (Va) were 12.5 kilovolts for 
q polyethylene and 10 kilovolts for melamine glass laminate. These vol- 
; la were calculated to produce the same voltage in the air-gap. The 

ormula used was | ro 62,5 
DK 
va = 7350 en cee erent 
| 6245 
_,. With voltages chosen for this rule, the energy produced per unit 
' time is the same for the two materials. j 


1 The temperature rise can be reduced greatly by redesigning the 
cell to provide for better heat transfer away from the corona region. 
The measurements plotted on Figure 4 were taken at the top of the dir- 
€C% corona region the the center cell of a bank of 10 active cells. 
These cells were made with 3 mil aluminum foil as shown in Figure 17. 
The use of 40 mil Aluminum electrodes as shown in Figure 18 would help. 
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| When the temperature problem is eliminated, a test method | 
involving single voltage operation for all materials can be recommen- 
ded. In practice the corona energy is dependent upon the dielectric 
constant of the insulation. Operation at constant corona energy is 
of academic interest only for most insulation applications. , 


IV. iffects of Corona _on the Mechanical Properties of Mylar 
| by W. Ve. Olszewski 


One mil Mylar C samples were aged in French cells of Figure 17 con- 
struction at 7 kilovolts for various periods of time. They were then 
tested for tensile strength, elongation, energy to break and elastic 
modulus using an "Instron" testing machine. Each sample of Mylar was 
cut into six test areas as shown in Figure 5. 


Figure 5 


Samples A, B and C were exposed only to the by-products of the 
corona. Samples D, E and F were directly between the electrodes and 
were thus subjected to the direct action of the corona. The results 
of the mechanical testing were followed with respect to aging time to 
determine if sample position in the sheet (A and D compared with B and 
H or C and F, etc.) and, or, Sample position with respect to the elec- 
trode (A, B and C compared with D, E and F) or any of their interactions 
Were significant, The data are shown in Tables II and III, 
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Table II 


‘defined in the data. 


Were next 


+ 


Test results were generally scattered and trends were not too clearly 
It was felt that some scatter might be attributed to sheet 
to-sheet variation or direction of sample cutting within a sheet. "T" tests were 
Made on adiitional gample groups but did not substantiate this premise. "F" tests 
made on all properties considered to find significant effects. "F" 

‘test data are ag follows: | | | 


d 


noo 


Tensile Strength Elongation Energy 
(hrs) Sample si x 10 (psi_x 10°) (in. lbs.) 
@ A 2.19 3.20 107 £5 
~ Gontrol B 2014 2096 102 446 
. Cc SOY 296 114: 51k 
D Papa W A Sivan LOO 4.36 
E Papacy 2.96 133 6.04 
F 202s B02 120 544, 
A Py) 3.20 192 eal 
2 B Zolk 2046 BAY 6.94 
aan 2.06 2.46 173 6.60 
D 2,04 2.62 168 6.40 
B Zoe ZeLo 179 6.97 
_F PAPACY A 2039 176 6.62 
3 A Paeiyh PIP 196 ipepail 
iL B 2.50 2.16 187 737 
C 1.94 2.62 163 5.98 
D 1.96 ZeL6 167 6.19 
B 2008 neDkh 180 6,83 
F 1.82 Papas eS h 8, Seed 
ie me 2.67 138 5623 | 
| B 1.94 2.57 149 5 667 | 
3) G 2004 PPV AS 159 6.10 | 
D PIAS Pao] ES 179 7 LO | 
E 2000 2054 162 6.19 | 
F 1.76 PLS: 145 Le. 
A 1.68 2.62 159 5 632 
B DAS 2 5O2 56 5 Ge 
C 2000 207 158 6.05 
16 D 72 2007 149 5,06 
E 1.80 2625 160 5050 
F Nea PLE BIS 162 5.61 
| Ae PRES PRS ts: LES: 6,85 
q : B dig $3 A © 62 ES5© 5 034 
B24 C 1.98 2.60 162 6.10 
= D 14d 2029 104, 3012 
E 1,68 Zaoe tS / Syl: 
F Leys PODS 163 Sees 
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Table III 


| Property Source PF Critical F (5% Probability Level) 


Tensile Strength tE 1.92 3.33 
; EP Pak Te Le LO 
tP 1,02 | RoI 
E Deo | 4.96 
r C76 AeLO 
t 8.01 GENS). 
Elastic Modulus tE AES Beoo 
: EP 53 4.10 
+P Liens e977 
E 6.59 4.096 

Ie 4076 4-10 
t 14.80 3633 
: tE die Lz, EPS: 
Elongation ORE L.o4 4,10 
7 3 4P 069 2097 
E | 45 4096 
ie | » 36 4.210 
t Leet 3033 
tE LeoT 333 
Re EP | 1.49 4.10 
Energy +P eg OD 2097 
E 3 1340 4096 
P . ° 34 4.10 
+ areal | Beso 

where t = time 
E 


position with respect to electrode 


P = position in sheet 


sei | Kaeo | ikl | Fs 


Statistical tests show that all properties are affected by length 
of aging although aging time does not seem extensive enough to consider 
samples as having mechanically failed. These tests were not carried to 
longer times because modifications in the cell to provide for lower tem- 
perature operation took precedence. The effects of these modifications 
on electrical breakdown are described in Section VII. 


Figures 6 and 7 show the effects of 48, and .72 hours operation in 
& modified cell at 7.5 kilovolts. 


In Figure 8, the average tensile and average dielectric strength 
results are plotted against aging time. (in the direct corona region). 
Most of the dielectric strength results are given on page 19 of the 
first interim report, The dielectric strength and tensile strength 
values seem to be dropping at about the same rate. 


ae oy 


tack 


duct attack 
ct at 


pro 


By produ 


By 


igure 7 


F 


im 


k 


ct corona attack 
iréct corona attac 


Dire 
Dj 


BRESRABORA SERGE CRNA DASTS SB“ Baa’. 
a SREB S SAREE SEUSS Se -~.s BF AD LBS 2a Yeo 
RVC RSGSSRRRASRARSRY, Wes LS) BY - VP 4B! 4 


lg 
pp RRSUE LER ERSRRRESES a2 4! 247 * 4s 
| Sana 98 
ERSSa SARs Cease 


BREE EEE EEE 


pHs 4 
seisfines 

, 5 GSS BRR aeA 
2aEEe 


; + 


‘ =- 
BEDE BERS SHAAN AAAES BARE A GBVSA PASSA ACARA CBARAATA ET CAAA AREA ASAE RP eA Sees Ss 
BEE SERA B EASE SABA ALARE LAABAAANSA SVABALARALUIBAAs LUA REDE EPR Es Pe eee PERE RE Lee eee eee 


BSRERE SAAS BREBE CHAAR SS SAS PRATER Pees 2B: 


i ES eS ER) i 


SYS 62 S805 
SiGe ot BERL 


Ah Het 


——— Hit tt 


rod es ae SY 


Lie ) Seas > eee 
=a SS, SS i Sees 


R55GL2952 


The statistical "F" test shows that position with regard to the 


a electrode is significant in the case of tensile strength and modulus, 


although not greatly so. The effect of position on energy and elonga- 
tion does not appear significant in the "F" test although the trend is 
in the same direction as tensile and modulus-values, The fact that 
effect of position is generally weak seems to indicate that the degra 
dation in the by-product area is almost as severe as it is in the area 
of direct corona attack, 


The position of the sample in the sheet shows significance only in 
modulus values although, again, not a great significance. Since sheet 
position does not effect any other property, it may be that modulus ef- 
fect is only the result of some handling or machining process and not 
a real test result. ne) 


Overall test results are generally inconclusive with respect to the 
original intent of this experiment. A concrete analysis which defines 
rate process, interactions, and etc., cannot be made because aging has 
not progressed sufficiently to crystallize trends, Further aging would 
be desireable, but the Mylar sticks to the cell and tears during removal 
at later times. Further work (Section VII) indicates that this is due 
to hot spots of about 45°C in this cell arrangement. Cooler operating 
cells do not have this disadvantage. 


Ve Effects of Corona on the Mechanical Properties of Polyethylene 
(Coamceeeny) 


Polyethylene samples were submitted for tests on the "Instron" to 
determine the value of mechanical tests on plastics exposed to corona, 
Polyethylene sheets 0.004" thick were aged in "French" cells at 7 kv. 
and samples cut in lots as shown in Figure 5. samples A, B, and C were 
exposed to the by-products of corona in the "French" cell, Samples D, 
E, and F were directly between the electrodes. Tensile strength, elas- 
tic modulus, and elongation were noted with respect to aging time to 
determine whether sample position with respect to the electrode (A, B, 
and C compared to D, EH, and F) or position in the sheet A and D come 
pared to B and E and C and F, etc.) or any of their interactions were 
Significant. Energy to break was not determined because the properties 
of the polyethylene forced the operator of the Instron to choose between 
an accurate measure of either modulus or energy. If duplicate samples 
were available both types of data could have been obtained. 


In setting up the Instron for measurements it was noted that the 
values obtained depended upon the direction in which the sample was cut 
from the roll, The polyethylene was not isotropic. Mr. J. M. Atkins 
Suggested that all of the test samples should be examined for orienta 
tion by placing them between polaroids. Orientation in the sheet was 
found to be uniform for the samples which had been aged in the cells. 
Test results were as follows: | 
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Aging Time Tensile Strength Modulus merce 
: (ies) Sample (PST by 107 (PST by 10) (4) 


22400 E 0.33 6.94 5 
F 0.37 6.76 7 

2540) A eae 10.42 118 
, B LAA 8.62 a1 5}9) 
C 1.56 8.62 198 

D 0.54 8.62 y) 

i 0.27 7635 A, 

F O49 6.41 10 

318.3 A eo 8.32 132 
B 1.40 9226 168 
CG ILS) 8.62 204 

D Ogee 8.62 3 

E 0.32 Telk 4, 

oot 0.38 G.i4 6 


Data were then analyzed by statistical methods using the "F" test, 
to find significant effects, "F" test data are as follows: 


_ Property Source F Critical F (5% probability level) 
Tensile Strength SEP Se2> Bin iays) ¥ 
| Any 2056 Renn # 
TE 43.66 2046 ¥ 
T 425.200 2046 ¥ 
P ie 3a ig 
B ~1771.00 AeAL % 
Elastic Modulus EP al; 3055 
3 oP 1053 Zear 
TE 2656 2 AO % 
i Peas 246 % 
Pp 1,08 3655 
E 71.50 ho Ad 
Elongation EP RoA3 Jeno 
TP ZelS Papeete 
TE 11.95 20.46 # 
mir ION se) Soules ke 
y dhe Ben) 
B 390.60 AoAL * 


* significant 

Where T = Time | 
E = Position with respect to electrode 
P = Position in sheet 


uous 


Test results were clearly defined, especially in the case of ten- 
Slle strength where everything was significant except position in sheete 


tee 
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In the case of elongation, variance due to time and electrode and their 
interaction were significant, In the modulus group the significance 
weak for the effect of the time-electrode interaction and time alone, 
but definite, as in all cases, with position with respect to electrode. 
Slight variance in modulus readings can be explained in the computation 


of elastic modulus. nas 
E = mess 
otrain. 


if both stress and strain were dropping in unison, modulus would 
stay about the same, | 


‘The apparently greater Significance of sources of variance in the 
case of tensile strength, as contrasted with the case of elongation, is 
due largely to the much larger experimental error associated with elonga— 
tion measurements, which include such effects as slippage in the grips 
and backlash in the Instron chart mechanism. This greater error in elon- 
gation measurements can be seen by comparing the actual background errors 
in terms of one standard deviation, The background error for tensile 
strength is about + 2.8% of the average of the initial tensile strength 
values. The same error for elongation is + 7.6% or almost 3 times great 
Cre 


Tensile strength results show significant interactions between time 
and position of the sheet and position with regard to the electrode. 
Separate data are plotted in Figure 9. Interactions between time and 
position in the sheet are expected from the visual observation of the 
effects of corona in the cell, The cells were mounted vertically so 
that cool air entered at the bottom of the cell and moved into the dir- 
ect corona region and out the top of the window. The circulation was 
very slow. The temperature gradient was not more than 15°C, Therefore, 
samples A and D have been subjected to higher ozone concentration than 
samples C and F, Averages of the tensile strength data, therefore will 
include the variations due to this factor. 


No one single straight line fits all of the data in the direct 
corona region. The same is true in the region of the corona by—product 
attack, Two straight lines seem to produce a much better fit to the 
data. Since a straight line plot describing the variation of the loga+ 
rithm of the property with aging time indicates a first order process, 
the data appeared to fit the sequential first order process described 
by A. L. Scheideler in 4 Paper presented at the 1952 meeting of the 
Conference on Electrical Insulation, The title of the paper is "Appli- 
cation of Reaction Rate Concepts to Thermal Aging Studies", 
teresting to note that the zero time i 
process is at about 70% of the initial iSile st scat 
good agreement with dielectric strength plots in Mr. Scheideler's report. 
The constant for the slow, life-determining processes ares 


Outside the electrode — — 0,004 per hour 


Under the electrode ~ — 0,0029 per hour 
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Figure 10 
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A linear plot of the tensile strength and elongation averages 
against aging time is given in Figure 10. Since elongation-to-—break 
is a very important property in most applications, and elongations 
of 5% or less are indicative of a fragile material, the 4 mil poly— 
ethylene can be considered to have failed at about 250 hours. 


' Dielectric strength results are also plotted on Figure 10. These 
results are linear with time. Apparently a flaw large enough to reduce 
the tensile strength by a large factor produces a relatively small ef— 
fect on dielectric strength. This effect as well as the initial rise 
in dielectric strength may be due to the grading effect that the degrada—- 
tion products on the insulation surface produce in the stress distribu. 
tion. 


VI. Effects of Corona on the Dielectric Strength of Polyethylene and 


Varnished Cloth 


Polyethylene sheets 0,008" thick and varnished cloth (GE No, 1799) 
0.007" thick were aged in "French" cells at seven kilovolts. Samples 
were coded as shown in Figure 11. Sixteen dielectric strength tests 
were made in the region of direct corona attack and sixteen dielectric 
strength tests were made in the region of by~product corona attack, 
These results are shown in Tables 6 and 7. 


Corona By Products 


Direct Corona | 


The dielectric strength tests were made according to ASTM D-149-44. 
The apparatus used is that described in the appendix of ASTM D295-54T. 
This apparatus produces an automatic lining up of the electrodes so that 
their axes are parallel and controls the pressure on the electrode system. 
As will be explained later, our experience during this particular set of 
tests has led us to prefer the use of dielectric strength under elongation 
as a measure of corona aging. 
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Polyethylene (Con't) 
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Table 7 
#1799 Cable Cloth - 7 mils 
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The averages of the breakdown results for the direct corona region 
are plotted against aging time in Figure 12, Dielectric strength of 
polyethylene drops almost linearly with time to about 500 hours. The 
dielectric strength of the varnished cloth drops very rapidly at first 
and then levels off so that after about 200 hours it loses very little 
dielectric strength even up to 600 hours or so. The maintenance of die- 
lectric strength of polyethylene in the first period of aging up to 300 
hours is probably the most important factor in the comparison of materials. 
This places polyethylene far ahead of varnished cloth, Moreover, as the 
1799 cable cloth aged in the cell, it was noted that that section of ma— 
terial which was under the electrodes became increasingly brittle. Were 
the material tested under a slight elongation, cracking of the varnished 
film would have opened up paths thru the material which would cause a 
marked lowering in the dielectric strength, It is believed that this 
would have resulted in failures at about 250 hours. In this connection, 
it is interesting to note that one of the ASTM specifications for accep 
tance of varnished cloth is its dielectric strength under elongation 


Mr. Dexter and Mr. Christensen of the Dow Chemical Company have ad. 
vocated the use of the dielectric strength measured on a mandrel which 
produces a 2% elongation in the outer fibers of the material being tested 
as a good criterion for studying varnish films. We have obtained the plans 
for such an electrode system from Mr. Christensen, and are now tooled to 

make such measurements. : 


An examination of the data in Table 7, relating to the dielectric 
strength measured in positions A 3 and A 4 compared to the dielectric 
strength in the rest of the by-product attack region will show that the 
material in this particular region tended to degrade faster than the 
material in other parts of the by-product region, This fact indicates 
that most of the degradation occurring in this type of test is due to 
ozone attack. ; 


Since the distribution of breakdown strength results is as impor 
tant in defining the insulation quality as is the average, some represen- 
tative distributions are shown plotted on extreme value paper in Figure 13, 
There is a strong tendency for the data on unaged and moderately aged ma-— 
terial to fit a straight line, up to over 100 hours of aging. The devia- 
tion from a straight line is only slight even at 306 hours. Between 306 
and 539 hours,however, the distribution changes. The material at 539 hours 
is not uniform, At this time the dielectric strength is dropping so fast 
that interactions between aging time and position of the test area with 
respect to the electrode are amplified. This is apparent in the data of 
the table on page 16. The test results obtained in position 5 tend to be 
higher than those in positions 6, 7, and 8. 


This amplification of interactions during the rapid drop of dielec- 
tric strength is common to many materials, The data on varnished cloth 
and Mylar show this effect. Improvements in cell construction and methods 
for mounting the samples in the cell can be made which will reduce these 
interactions. However, conditions in the direct corona zone cannot be con-— 
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“be expected even in refined designs. 


shown in Figure 15, The direct corona region is at the top. The black 
_ spots are the results of dielectric strength tests. These samples have 
 .a@ definite smell reminiscent of butyric acid, The samples develop a 


“planned to define whether the chromophore development is associated with 


results to show these effects is shown on Figure 16. The individual break— 


dation is believed to be mainly due to the voltage difference, 6.65 kilo- 


connected with a localized degradation as observed and recorded in the first 
interim report. When the electrodes for the dielectric strength measure— 


Do. in Figure = show some difference between the 24 hour degradations with the 
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: suaceee ee due to the motion of air and these interactions will 


See Figure 6 for 1 mil Mylar 
See Figure 19 for Varnished Cloth 
See Heeure 14 for 4 mil Polyethylene 


| Several ehouce apie of the 8 mil polyethylene samples used are 


definite yellow tint in the direct corona region. Chemical tests are 
ee formation of nitrates by reaction of free radicals with nitric acide 


one ‘Effects of Corona on the Electrical Prop rties of 1 mil Mylar 


oe i series of oopineits have been run with the "French" cell on 1 
mil Mylar to determine the effects of cell voltage upon the rate of degra— 
“dation and to test the effects of cell construction. A sampling of the 


down voltages are here plotted on extreme value probability paper because 
dielectric strength data fit an extreme distribution better than a normal 
ee ones 


: The humidity and ambient eonpenature were not controlled on the 7.5 
kilovolt tests since they were conducted outside the air conditioned room. 
The difference in audible corona level between 6.65 and 7.5 kilovolts in 

the air conditioned room is so large that the difference in rates of degrae 


& volts is too low a voltage and 7.5 kilovolts is about right in that signifi- 
cant degradation is produced in a reasonable period of time. The sharp 
increase in slope of the right end of the 7.5 kilovolt plots is probably 


ment lie close to or over one of the spots of accelerated degradation, a 
low result is obtained. The decrease in slope at 950 volts of one 72 hour 
plot, probably is an. indication that a limiting breakdown voltage is being 
| approached. 


. The effects: of cell construction are actually effects of changes in 
thermal gradients within the cell. The original parallel cell construction 
as shown in Figures 17a and 17b, used 3 mil sheet aluminum electrodes. In 
the new construction, Figures 18a and 18b, 40 mil aluminum electrodes are 
used. The new construction allows air circulation between the cells and 
cuts down the hot spot temperature from 40 C to 30 G. All of the data up 
_to this point were obtained with the old cell construction. The data shown 
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After 27 hours at 
7 kilovolts 


After 243 hours at 
7 kilovolts 


Figure 15 


After 752 hours at 
7 kilovolts 
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new and old cell constructions, but the separation between the distri. 
butions is not large enough to ascribe it to more than variability in 

the Mylar. The physical degradation on the old test at 48 and 72 hours 
was more pronounced as observed visually and by noting the sticking of 
the Mylar in the cell, | | 


The dielectric strength data in the corona by-product region of the 
cell are included in the tables, but are not used for the analysis since 
these tests are at present exploratory and the data in the direct corona 
region have pointed the direction for future tests. 
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Figure 18 
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It is planned to determine the degradation rate at 7.5 kilovolts in the 


air conditioned room.. 


SO°C; 


Table 8 
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It is planned to measure the degradation rate in the "French" cell at 


Dielectric Strength Tests on 1 Mil Mylar after Corona Aging 
in the "French" Cell 
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Old cell at 7 kilovolts in 23.5°C and 50% RH ambient 
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48 hrs. aging 


Indirect corona effects Direct corona effects 


sample 1 oe Se a eG On ne Se 
A Wel 9 Bes Lee2 1.03 3678 43679, 3568 3.6% 
B 4o34 eae <3.he = Se0h BC 9613 3662 3555 
C AeDD = eh — 3 FO 3677 3073 
D foO3 9 26 4d R10 3662, 3.75 1-35 65 


6 342 3043 3258 
5 : Be00) 9490 3646. 
4050 3.83 3.96 3.98 Bo15 3.50 3560 360 
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a4 hrs. aging in uncontrolled atmosphere 
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VIII The Effects of Corona on Moisture Pick Up. 


Corona produces free radicals and ions on the surface of organic 
insulations which can attract moisture. It also produces acids, alde- 
hydes and many other degradation products which are hydrophilic. Corona 
produces heat. The amount of moisture absorbed will be a measure of the 
balance between these three factors, 


If the balance favors moisture absorption this fact becomes very 
important in defining corona resistance of materials. A few exploratory 
tests were made at 50% relative humidity and 23.5 C. 


Three materials were selected. Polyethylene was chosen because it 
has very little moisture absorption and develops acids which may be some- 
what hygroscopic at 23.5 0 and 50% RH. Mycalex was chosen because it would 
be a good control. Epoxide 828 with CL hardener was chosen because it had 
a measureable moisture absorption at 23.5 C and 50% RH, 


oquares of these materials 3" x 3" x 0.10" were conditioned for one 
week at 23.5 © and 50% RH. They were then wrapped carefully in aluminum 
foil and weighed to the tenth of a milligram. The aluminum foil was re- 
moved next and the samples were placed on two inch diameter stainless 
steel electrodes, Another electrode, one inch in diameter and 1/8 inch 
edge radius was placed on the surface of the insulation. Ten kilovolts 
was then applied for 24 hours. The samples were removed quickly, re- 
placed in their original Al wrappers and reweighed. Then the samples 
were allowed to condition 24 hours at 23.5 C and 50% RH. After this 
they were again weighed. Finally, the samples were placed over silica 
gel and dried for 24 hours. Then they were given their final weighing. 
The data are given in Table 9 


Table 9 
Milligrams change in Wte from Original 
| After 24 hrs. | After 24 hrs. After 24 hrs. 
Material _ ! of Corona at 23.5 C 50% RH of Drying 
Polyethylene 1 pera?) + 2.0 + 1.9 
2 + 1.7 +125 nee 
Epoxide 828-CL 1 15,0 kes —31.0 
. RQ = 066 + 155 2965 
Mycalex i 0.0 0.0 0.0 
A 0.0 0.0 0.0 


If we assume a possible error of = 0.2 mg the following statements 
can be made 


a2). 
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1. The degradation products of polyethylene contain no water and 
are not hygroscopic at 50% RH 23.5 C. 


2e There is no effect on Mycalex. 


3. Corona drives moisture out of Epoxide 828 with CL hardener, 


IX Power Factor and Dielectric Constant of Contract Materials (A.W.Soris) 


Power factor, dielectric constants, and specific resistivities 
of several of the contract materials, measured at 60 cps and at several 
temperatures, are shown in Table 10. 


The data, except for one small part, are self explanatory. The 
increase in resistivity of Micamat Silicone Resin with increasing tempera 
ture is not‘ conventional, It is believed that some decrease in moisture 
content with increasing temperature is,in large part,the cause of this 
unexpected behavior. 
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